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7 Claims. 
=This .invention relates to processes or .proced- 
ures particularly adapted for .preventing, break- 
=ing, or resolving .emulsions .of the water-in-oil 
-type and particularly petroleum emulsions. 
My "invention-provides an economical-and 
rapid process for-resolving petroleum emulsions of 
-the-water-in-oil type that are commonly re- 
-ferred-to as "eut oil," "roily oil," "emulsïfied oil," 
 etc.,-and which comprisefine droplets of natural- 
-ly-0ccurring waters or brines dispersed in a more 
orless.permanent state throughout the oil .which 
constitutes the continuous phase of the emulsion. 
It also provides an economicl and rapid proc- 
.ss for separating emuisions which bave been 
prepared under controlled conditions from min- 
eral oil, such as crude oil and relatively sort 
-vater.s or weak:brines. Controlled emulsification 
and subsequent demulslîïcation .under tà]e con- 
:diions.just mentioned are of significant value in 
removing impurities, .particu!arly inorgani_c-salts, 
:from pipel£ne oil. 
Demulsification as contemplated in'thepresent 
:applicatiOn includes .the preventive step of com- 
-mingling-the demulsifier with tà]e aqueous coin- 
-portent which would:or might subsequently be- 
corne either phase of the emulsion in the.absence 
-of such precautionary measure. Similarly, such 
demulsifier may be mixedwith the hydrocarbon 
-comportent. 
Reference ismade fo U. S. Patent No. 2,499,368. 
This patent is concerned with a process for break- 
.ing petroleum emulsions of the water-in-oil type, 
characterized by subjecting the emulsion to the 
.action of a demulsifier including hydrophile syn- 
.thetic products; said hydrophile synthetic prod- 
.ucts being oxyalkylation pro.ducts of (A) an 
alpha-beta alkylene oxide having hot more than 
4 carbon atoms and selected from the class con- 
.sisting .of ethylene oxide, .pr0pylene oxide, buty- 
lene oxide, glycide and methylglycide, and (B) un 
oxyalkylation-susceptible, fusible, organic :sol- 
:ent-soluble, water-insoluble phenol-aldehyde 
resin; said resin being derived by reaction be- 
:tween a difunctional-monohydric phenol and an 
.aldehyde havingnot over 8 carbon atoms, and re- 
active toward said phenol; said .resin being 
--formed in-the substantial absence oft rifunctional 
.phenols; said phenol being-of: the formula 

(CI.252--31) 

2 
in whi_ch. R .-is a ,.hYdocarbon.radical .having hot 
more than 24 ar.bon :atoms .and .substituted in 
:the 2, ,4, 6 .positp;.a.id ox.yalkYlated resin being 
characterized by he.inroduction into .the esin 
10 
:mlecule pf a plura!ity :Of divalent radicals hav- 
ing the formula (RO)n, in,which Rt is a member 
selected-ïr0m the c!ass :consisting of ethylene 
radicals, propylene radicais, butylene xadica!s, 
hydro$-ypropy!ene .adicals, and .hydoxybutylene 
15 radicals, and.n:is: numéal,vr.ying froin !-to 20; 
with hep'.vso.hat at.:least 2moles .of alkylene 
oxide be :introd!ced«f0r »each :phenolic nucleus. 
I bave round that if a phenoNaldehYde resin.is 
prepared from a difunctional hydrocarbon-sub- 
2O stituted phenol havingat least 4 and not over 18 
carbon atoms .,in the substituent .radical, and if 
such ..phenol-.a!dehyde resin is .tread .with 
ethylene oxide :o:¢as--to obtain three different.de- 
grees of. oxyethylatio_n as hereinafter described, 
25 that a mixureo$ _these three .has a synergistic 
.proper,y.as .far as .demulsification .is concern.ed, 
insofar that uch :mixture is :more effective, .for 
instance, at .least 10%-more .effective than :anY 
one ofthe..three components alqne or any.two.of 
30 .the three-in _combination. This-applies provided 
the-mture -,of the .thee is within .certain .pro- 
.pori.ons, :. e., at :least 2% and hot mo:e than 
.60% of each :of .the .three c.omponents. Refer- 
ence is made tothe chart oï:the herto attachd 
:5 drawing. 
.SpeciicallF, then, the-present invention is :con- 
,.c.ered .with ca/pr_ocess for beaking petroleum 
,:elnçl_sions 0f t.he waer,in-o type characterized 
:by.subJec'.mg :the ¢..mls.i_on_to-he action of .a de- 
40 muls.hïer w.hi.ch :in :.tu.r is :a :ynergsti.c :trnary 
mixture .of:three comp0nents, each of :the :tr_ee 
components being *a hydrophile synthetc prod- 
.uct; .saidhydrophile synthetic product-being the 
-45 oxyethylation-product of (.A) età]ylene oxide, .and 
;B) anoxyethylation-susceptible,:fusible, organic 
s01vent-soluble, water-insoluble-phenol-aldehyde 
-resin; said-resin being derived by reaction :be- 
-tween a-dfunctional monohYdric :phenol and an 
:-O : aldehyde:havirgnot.0ver 8 carbon atoms and re- 



acbive toward said phenol; said resin being 
formed in the substantial absence of trifunction- 
al phenols; said phenol being of the formula 
o 
in which Ris a hydrocarbon radical having aç I0 
leasç 4 and not more than 18 carbon atoms and 
substituted in the 2, 4, 6 position; said oxyethyl- 
ated resin being characterized by the introduc- 
tion into the resin molecule of a plurality of 
divalent radicals having the formula (.C21140); .15 
in one of the three components n varies from 2.0 
to 2.4 on a molal basis calculated on the original  
phenolic hydroxyl; in the second component 
varies from 3.0 to 3.6 on a molal basis calculated 
on the original phenolic hydroxyl; in the third 20 
component  varies from 4 to 4.8 on a molal basis 
calculated on the original phenolic hydroxyl; thé 
phenolic and aldehydic reactants being identical 
in al1 three components; the combining ratios of 
the three components being determined by the 25 
triangular area of the graph in the hereto ap- 
pended drawing as defi_ned approximately by the 
triangle A, B, C, said proportions being on a 
weight basis; and with the final proviso that said 
demulsifier be more effective than (1) any of the 30 
three components alone, or (2) any two of the 
three components in combination. 
For convergence, the subsequent subject marrer 
will be divided into four parts :- 
Part 1 is concerned with the preparation of the 35 
phenol-aldehyde resin; 
Parç 2 is concerned with the oxyethylation of 
the resin; 
Part S is concerned with the preparation of the 
mixtures to yield a combination having the syner- 40 
gistic property previously referred to, and 
Part 4 is concerned with this mixture for use 
in demulsification. 
PART 1 45 
This part is concerned with the preparation of 
phenol-aldehyde resins of the kind described in 
detail in U. S. Patent No. 2,499,370, dated Match 
7, 1950, to De Groote and Keiser, with the follow- 
ing qualifications: said aforementioned patent is 50 
limited to resins obtained from difunctional phe- 
nols having 4 fo 12 carbon atoms in the substitu- 
ent hydrocarbon radical. For the present purpose 
the substituent may have as many as-18 carbon 
atoms, as in the case of resins prepared from 
tetradecylphenol, substantially para-tetradecyl- 
phenol, commercially available. Similarly, resins 
can be prepared from hexadecylphenol or octa- 
decylphenol. This feature will be referred to 
subsequently. 60 
In addition to U. S. Patent No. 2,499,370, refer- 
ence is ruade also te the ïollowing U, S. patents: 
Nos. 2,499,365, 2,499,366, and 2,499,367, all dated 
Match 7, 1950, to De Groote and Keiser. These 
patents, along with the other two previously men- 
tioned patents, describe phenolic resins oï the 
kind herein employed as initial materials. 
For practical purposes, the resins having 4 fo 
12 carbon atoms are most satisfactory,, with the 
additional Cli carbon atom also being very satis- 70 
factory. The increased cost of the C16 and 
carbon atom phenol renders these raw materials 
of less importance, at least af the present time. 
Patent 2,499,370 describés in deaii mèhods.oï 
preparing resins v.seful as intermediates for pre- 

paring the products of the present applicatiori 
and reference is made fo that patent for such 
detailed description and fo Examples la through 
103a of that patent for examples of suitable 
resins. 
As previously noted, the hydrocarbon substitu- 
ent in the phenol may have as many as 18 carbon 
atoms, as illustrated by tetradecylphenol, hexa- 
decylphenol and octadecylphenol, reference in 
each instance being to the difunctional phenol, 
such as the ortho- or para-substituted phenol, or 
a mixture of the same. Such resins are described 
also in issued patents, for instance, U. S. Patent 
No. 2,499,365, dated Match 7, 1950, fo De Groote 
and Keiser, such as Example 7la. 
PA/T 2 
As has been pointed out previously suitable 
resins can be ruade following the procedttres de- 
scribed or, for that marrer, can be purchased in 
the open market. The second step in the overall 
procedure involves the use of ethylene oxide. 
I bave prepared a large number of resins oï the 
kind described in Part 1, preceding, on a labora- 
tory scale varying from a few hundred grains or 
less fo somewhat larger amounts. Needless to 
say, they are prepared also regularly on an in 
dustrial scale. This saine statement applies to 
the preparation of the oxyethylated products with 
which this second part is concerned. 
For a number of well known reasons equipment, 
whether laboratory size, semi-pilot plant size, 
pilot plant size, or large scale size, is hot as a 
rule designed for a particular alkylene oxide. In- 
variably and inevitably, however, and particu- 
larly in the case of laboratory equipment the de- 
sign is such as to use any of the customarily 
available alkylene oxides, i. e., ethylene oxide, 
propylene oxide, butylene oxide, glycide, epi- 
chlorohydrin, styrene oxide, etc. 
Oxyethylations, and for that marrer oxypro- 
pylations, are conducted under a wide variety of 
conditions not only in regard fo presence or ab- 
sence of catalyst, kind of catalyst subsequently 
described, but also in regard to rime of reaction, 
temperature of reaction, speed of reaction, pres- 
sure during reaction, etc. Oxyalkylations, and 
particularly oxyethylations, can be conducted at 
temperatures approximating the bofling point of 
water_ or slightly above, as for example 105 ° to 
115 ° C. 
Likewise, resins can be oxyalkylated, partic- 
ularly with ethylene oxide, using tepperatures 
and pressures which are comparatively high, for 
instance, temperatures in the neighborhood of 
200 ° C., or in excess thereof, and pressures in the 
neighborhood of 200 pounds per square inch, or 
in excess thereof. Such oxyalkylations bave been 
described in aforementioned U. S. Patent No. 
2,499,370. Generally speaking, such procedure 
is employed under conditions where there are 
more than three points of reaction per molecule, 
and where the amount of oxide added is compara- 
tively high in ratio to the initial reactant. Such 
procedure is entirely satisfactory in the partic- 
ular oxyalkylation step described in the instant 
part, i. e., Part 2. 
" I-Iowever, since the amount of oxide is com- 
paratively low, from approximately 2 moles per 
phenolic hydroxyl up to approximately 4 moles or 
slightly in excess thereof, it is apparent that rime 
is not a factor. In other words, it is just as sat- 
isfactory to employ a Comparatively low tempera- 
ture and low pressure rather than conditions of 
oxyalkylation previously mentioned, which result 



ïfl  rapfd reaction rate. For this reaSon i hve 
èmpI0yëd conditions of the kind involving tèm- 
pCatures of about 95 ° to .115 ° C., and pressures of 
30 t040 pounds, or less. If an atmosphere of inert 
g£s, such as nitrogen, is present durini a reac- 
tion nêedless to say the pressures may be some- 
vïht higher. 
 Such 10w temperature; low reaction rate  0xyal- 
lïylations hà.ve been deScribed VerY  completelyin 
U. SI Patènt NO. 2,448,,664, to File et aL, dted 
Sêptember 7, 1948. 
 preViously indicated, low pressure» lowtem- 
Përàture rection rates maY require Considerable 
tflne; s for instance, in some of the Subseqdent 
èmples in the neighborho0d of one to two 
h6iffs. Adtually, af 180 ° fo 2O0 ° C., Such réac- 
tÏon- mïFht be conducted in ten minutes  Or less. 
Ii large scale low temperature operations the 
tim_e might bWsómewhat longer, for intandei 5 
t08 h0urs, in any event, the reaction is so c0m- 
pr£tively short, that it is of no marked Signifi- 
däncè .btit is more convenient fo Use theselower 
 ëmperatUres On a laboratory or semipil0t plant 
sce. 
I bave used conventional equipment with two 
gddCl aut0matic features: (a) A solénoid-con- 
tr01ied Valve.which shutsoff the ethylene oxide in 
eVët that the temperature gets 0utside a préde- 
min_ed and set rngè, for instance, 110 ° fo 
120 ° C., and (b) another solenoid Valve which 
shut Off the ethylene oxide (or for that marrer 
JriJyiene oxide if if is being used) if the pres- 
surë getsbSyond a predetermined range, sUCh as 
25 to 85 pounds. Otherwise, the eqUipment is 
Substntially the saine as is commoniy employed. 
or this purpose where the pressure of reaction 
Is.hgher, speed Of reaction is higher, and rime of 
reCtiÙn Is much shorter. For reasons which are 
0ioUs_in light of what bas been said previously, 
I ha,e not foùnd it necessary fo use- such auto- 
matic c0ntrols under the conditions of oxyethyl a- 
tioiï émployed in introducing such small portion 
of alkylene 0xide. Controls Could be used, if de- 
sirêd, and certahulY would be used in high tem- 
përature oxylalkylations. 
Thus, in preparing thé various examples I bave 
round It particularly advantageous fo use lab0ra- 
tory equipment which is designed fo permit'con- 
tinuous oxyalkylation, whether if be oxypropyla- 
tion or oxyethylation. 
The oxyethylation procedure employed in the 
preparation of the oxyethylation derivative bas 
beefi unif0rmly the saine, particularly in light of 
he: fact  that. either a Continuous automatically- 
C0htr011ed procedure was employed, or else a short 
r/on, aut0matic method is used. Indeed, in this 
Iristancé the latter is preferred. In this proc e- 
dure the utoclave was a conventional autoclave 
mde of Stainless steel and having a capacity óf 
" pproximately one gallon and a worling pressure 
6f one thoúsand pounds gauge pressure. This 
pressre obviously is far beyond any requirement, 
g far gs ettiylene or propylene oxide goes, 
i:èSs tere is a reaction of explosive violence 
volved, due to accident« The autoclave was 
ëïuiPped with the c0nventiona ! devices and open- 
ings/sdc_h as the variable-speed stirrer eperating 
g'speeds from 50 1. P. M. to 5O0 1. P. M.; ther- 
mometer well and thérmocouple for mechanical 
trm0meter; emptying 0utlet; pressure gauge, 
inanual vent line; charge hole for initial re- 
6a'nts; af lèast 0ne connection for introducing 
Me' alkylene oXide, such' as- propylene oxide or 
efïïyierë  0xide, t0- the bottorrr oï the autoct-¢e, 
 0fa vith Sïigble devicë for bóih c0bliàg and 



Obviousiy, imfiar  precutions are necessary, in 
the case of ethylene.oxide, although itis more 
active than propylene oxide. 
The amount of catalyst used in oxyalkylation 
may v.ary from as little as /2% Up to 5%. The 5 
amount may vary during the oxyalkylation 
period, as exemplifled by the addition of the cata- 
lyst at the very beginning of the reaction only 
. and with no further addition. Needless to say, 
there is a comparatively high concentration of 10 
"catalyst at the beginning of the reaction .and a 
 comparatively low concentration at the. end; in 
fact, hOt infrequently the amount of. catàlyst at 
 the end will be one-half of 1% sodium methylate, 
or caustic soda, or less. Catalyst can be addd 15 
intermittently during the reaCtion period, pro- 
vided suiable equipment is .available. It is 
 rather difficult to employ such equipment on a 
 laboratory scale, but it can be employed, of 
. course, on a pilot plant scale Or larger scale. 20 
In. the present situation, since comparatively 
little of the ethylene oxide was. added per .phe- 
nolic hydroxyl (about 2 to 4 moles per hydroxyD, 
 rime of reactionis hot apt to be a factor. In 
other comparable oxyalkylations, as bave been 25 
described in the literature, the amount of oxide 
added might, be 50 to 100 rimes this amount. 
Under such circumstances, it is necessary to speed 
. up .the reaction in order to fimish the process 
within, a reasonable length o time].. Ïn the pres- 30 
-ent case the mount of oxide added was so small 
.that even !using a iow tempeature (95 ° to 115 ° 
C.),. and a comparatively low -pressure,-less than 
30 or 40 pounds maximum, the reaction was 
complete in avery short period of rime.. As a 35 
convenience, I have generally added the oxide 
over a 3-hour to 8-hour period, since the 
paratus was practically automatic. " Tld amount 
of catalyst use was generally.about 1.0% .to 3.0% 
of the initial resin. Somewhat more can be used, 40 
or slightly less. If more is used the reactton 
would, of course, be faster, and if. less is used 
reaction might be a little slower. 
One limitation of small-scale autoclave equip- 
ment (a gallon to a 2-gallon autoclave) is the 45 
diffiCulty involved in a Stitable automatic device 
for adding a dry catalyst, such as sodium methyl- 
are, during the reaction. This presents no 
problem on a large Scale with lurger size equip- 
ment, an d thus, the same operation conducted in 50 
equipment of increased capacity means that all 
the cátalyst need hot be added at once, but can 
be added intermittently in .a .predetermined 
amount based on. an hourly rate, or based on the 
addition Of ethylene or propylene oxide, For in- 55 
stance, in a large scale operation, involving equip- 
ment having about twentY:flve rimes the capac- 
ity of the autoclave employed, arrangements were 
marie fo introduce botter than.a, gallon of 
ethylene or propylene oxide (4,000 grains) per 60 
.. hour, along with the int'oduction of 20 grains of 
sodium methylate hourly during the operation 
 period. The net result, as far as the final mate- 
riel was concerned, was the same, to wlt, a 
sidual alkaline .catalyst equivalent to about /2 % - 65 
sodium methylate. 
In the following example Sodium methylate is 
used as a catalyst. The resin used wus prepared 
in the manner described by reference to the "a"  
examples in Patent 2,499,370 using 3 moles of the 70 
phen01 as a strting material. In each instance 
the amount of xylene employed was 300 grains. 
In all other respects, amount Of aldehyde, etc., 
the pr0cedure was the same, the weight ratios 
enly being different. In the succeeding tables the 75 

amount êf ylene resin solution is sh0n bF 
Weight  Sutcting 300 in each instance gives the 
weiglt of the resin. For purpose of calculation 
the alkylene oxide added and the original phenol 
employed in manufacture was used as a basis. 
This was more convenient than using the weight 
of resin obtained, because it may vary somewhat 
from batch to batch. One reason for using the 
original phenol as a base for calculation is that 
the claires and the hereto appended drawing, 
which in essence is part of the claires also, speci- 
ries the components in terres of the ethylene oxide 
to phenolic hydroxyl ratio. Actually, the amount 
was weighed on a laboratory balance which may 
bave been inaccurate to the extent of /4% to /2%. 
This, of course, is immaterial in a procedure of 
the present type. Similarly, the ethYlene oxide 
was weighed as closely as possible, but here again 
the variation could bave been /2% to 1%. 
grain moles of the phenol, were used to provide 
the resin. The aïnount of oxide employed is 
shown in the table. The amount of catalyst (so- 
dium methylate) employed is also shown.. In all 
instances the temperature, as stated, was never 
higher than 115 ° C. and generally varied from 
100 ° C. to 110 ° C. The pressure was never higher 
than 40 pounds per square inch, and in all in- 
stances the.reaction was coïnplete in 3 to 8 hours. 
Oxyethylation was conducted in the usual 
manner, first sweeping out the equipment with 
nitrogen and setting the controls as far as the 
addition of the oxide was concerned but ignoring 
the controls as far as temperature and pressure 
were concerned. Any adjustment required in the 
marrer of temperature and pressure coule-be 
made manually by examination of the gauges a 
few tLmes during the entire procedure. The next 
stop was fo add the ethylene oxide in such a 
manner that if was injected in the reaction vessel 
in somewhere between 2 to 2/2 hours and thon 
permitting the reaction period fo extend up to 3 
hours so as to be sure all the oxide had com- 
bined. AI1 the oxide had combined in this 
tance using a minimum amount of oxide. How- 
ever, when the maximum amount of oxide was 
used the rime period was more apt to be 5 to 
hours if the final stirring period extended to 6 to 8 
hours. 
Spechïc examples are included by way of .illus- 
tration, as follows: 
F_xampe 1 
486 grams of a resin of the kind described as 
Example 1«, of Patent 2,499,30, mixed with 300 
grains of xylene were used as the initial charge. 
To this there were added 1.25% (about 6.5 grams) 
of sodium methylate. These ingredients were 
placed in the autoclave and the autoclave sealed 
and the automatic devices adjusted for injecting 
291 grains of ethylene oxide in about 2/2 hours. 
The reaction was continued for about 3/4 hours 
to be sure that it vas complete. The ratio is 2.2 
moles of ethylene oxide for each initial phenolic 
hydroxyl ïnvolved in resin manufacture. The 
temperature was approximately 110 ° C. and the 
pressure was less than 30 pounds per square inch. 
The final product was a viscous semi-resinous 
product being somewhat between a resin and a 
viscous amber-colored fiuid obtained by increasèd 
oxyethylation. In such instances where the resins 
employed were liquids, needless to say, further 
oxyalkylation was in the direction of reduced 
viscositY. Some resins which were pratically vis- 
cous liquids to start with became less viscous 
or more towards the liquid stage. The color 



wri.ed from deep red or amber to some darker 
saes and i! soraëirnce to lightê shdes. 
The residual product was, of course, slightly al- 
kaline. 
Example 2b 5 
The same procedure was repeated, using the 
same amount of resin, a somewhat larger amount 
o£ catalyst (9 grains), and 436 grams o£ oxide. 
This oxide was injeited in a 5-hour period and 10 
then stirring continued for an hour longer. 
Otherwise the 0perating conditions were the same 
as in Example lb, precêding. This oxide ratio 
reiresented 3.3 01es per phenolic hydroxyl. 
Esampe 3b 15 
The saine procedure was followed as in Examp]e 
lb except that the amount o£ catalyst was larger, 
i. e., 12 grains. The amount o£ oxide injected was 
582 grams, equivalent fo 4.4. moles per phen01ic 20 
hydroxyl. 
Ezcmpe 4b 
The same procedure was followed as in Examile 
lb, ireceding, exceit that 528 grains of the resin 25 
identifled as Example 3¢, of Patent 2,499,370, were 
nsed instead of 486 grains of resin Example la in 
Example lb. Similarly, the amount of xylene was 
the same, i. e., 300 grams, ihe amount of ethyl- 
ene oxide Was the same as in Example lb. The 30 
conditions of oxyethylation were the same as in 
Example lb. The ratio of oxide fo resin was the 
same as i n Exaraple _lb, i. e., 2.2 moles per phenolic 
hydroxyl. The appearance of the final product 
was subst_atia!ly te sme as inExample lb. 35 
Example-Sb 
The saine procedure was followed as in Ex- 
ample 2b, preceding, using resin of ExamPle 3a 40 
of Patent 2,499,3ï0. 528 grams of resin mixed " 
with 300 grams of xylene were employed. 9 
grams of cata]yst were emp]oyed. 436 grams of 
ethylene oxide wer6 injected. The rime period 
WaS the same as in Example 2b, preceding. The 45 
ratio of oxide fo resin was the same as in Ex- 
ample 2b, fo wit, 3.3 moles per phenolic hydroxyl. 
Example 6b 
The same procedu'e was followed as in Ex- 50 
amile 3b, preceding, exceit tha the resin em- 
p_loyed was 528 grains of resin of Example 3a of 
Patent 2,499,370. The amount of xylene em- 
P!0yed was 300 grams. The amount of catalyst 
empl0Ye d was 12.5 grams. Conditions of oxy- 55 
ethFlat_ipn were substantially the Same as .in 
E.xamp_le 3b, Preceding. The final product had 
bont the sme appearance as in the case of Ex- 
ample 3b, preceding. The amount of oxide used 
waæ 582 grains. This represented a ratioof 4A 6O 
moles per phenolic hydroxyl. 
Example 7b 
The same procedure was-followed as in Ex- 65 
ample lb, preceding, exceit that the resin em- 
ployed was the one identified as Example i3a 
of Patent 2,499,370. The amount employed was 
822 grams. This was mixed with -300 grains of 
xylene. The amount of catalyst employed was 7O 
8 grams. The conditions of reaction were sub- 
stantially the sa, me as in Example la, of Patent 
.2,499,370. The amount of oxide was 291 grams. 
This represente d a raçi0 of 2.2 mo!es per phen01i¢ 
hydroxYl. 75 

The same procedure Was followed as in 
ample 2b, preceding, except tha 822 grams o 
resin 73a of Patent 2,499,370' were employed 
stead of resin of Example la of Patent 2,499,370. 
The amount of oxide added was 436 grams. The 
amount of catalyst employed was somewhat 
larger, 13 grams. The conditions of reaction in 
all other .respects were identical with that de- 
scribed in Example 2b. The appearance Of the 
.final product was much th same. The amount 
of oxide represented 3.3 moles per plenol_ic 
hydroxyl. 
Example 9b 
The same procedure was followed as in Ex- 
ample 3b, preceding, excepg that 8-22 gram-bf 
resin of Example 73z of Patent 2,499,370 were 
used instead of resin of Example ïa of Paênt 
2,499,370. The amont, of catalyst was somë-. 
what larger, 16 grains. The amount Of OrAde 
added was 582 grams. The rime of reaction and 
conditions of react2on were substntially he 
same as described in Examile 3b, ireceding. 
The aiiearance of the final product was much 
the same as in Example 3b, preceding. Thé 
amount of oxide employed represented 4.4 mies 
per phenolic hydroxyl. 
The above examples illustrate definite ratio 
oxyethylation and the procedure is identical 
with that which bas been described repeateïiy 
in varioui patents. Needless to SY, the oXy- 
ethylat2ons could be conducted ata higher tem- 
perature in less rime just as satisfactorily. This 
is iurély a marrer of choice and  marrer -of 
equpment avaflable. 
PAleT 3 
If desired the solutions.of the=oxyethylated 
resins decribed in Part 2, preceding, can be 
freed from solvent by the usual procedure, i. ë., 
distfllation and particularly vacuum dist211ation. 
owever, as far as use as demulsifiers is con- 
cerned .I hve round it: more Convénient Simply 
t0 dflute the xylene solution to 50% by wëight 
and then mix the xylene solutions to obtain the 
synergistic mixtures herein specified. 
Referencei§ now made fo the triangular graph 
of the .hereto attached drawing. This is a Con: 
ventional graPh where each apex represents 
100% of the particular oxyethylated resin a 
dicatei. I baveround that if mixtures are made 
of the three oxyethylated resins delived, of 
course, from the s.àme resin, and if such mix- 
tures rail within the triangle A, B, C, then and 
in that even Such mixtures in many instances 
are at least !0% better than the. compbè 
three .ingredients aone, or any mixture of two 
òf the three ingredients. In other words tlïere 
is a sYnergistic effect involved, the exac ntue 
Of which is open fo speculation. ObvlousY the 
preparation of Such mixtures requires no .de- 
scription beyond the chart itself. Each of the 
three determining Points represents 60% of 0ne 
component and 20% each of the other two. A 
mixture of one-third each, of course, is right in 
the center of the defined area A, B, C. I bave 
ruade samples of such mixtures by mixing the 
first three oxyethylated resins, i. e., lb, 2b,. and 
3b. Similarly, I bave mixed the next three, i. e., 
4b,.5b, and 6b; and also I bave mixed the las 
series, 7b, 8b, and 9b. In each case a variety 
of mixtures are obtained, all of which fall within 
the cmp0sition, of the specified area A, B,. C. 
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Such mixtures are illustrated by the following alcohot, hexyl alohol, octyl alcohol, ec., my be 
examples: employed as diluents. Miscellaneou sovent 

Percentage of 2.2 oxyethylation Percentage of 3.3 oxyethylation Percentage of 4.4 oxyethylation 
Ex. Prepared From 
No. 20 30 33.3 35 40 50 60 20 30 33.3 35 40 50 60 20 30 33.3 35 40 50 60 
[c ...... lb, 2b, and 3b .... X ...................... X ........ 
c ........... do ............... X ....................... , .... X .............................. 
c ........... do .................... X ...................... .... X .......................... ---- --:ï-- ............ 
=c ........... do .............................. X X ........ X .......................... 
5c ........... do .............................. , .... X .... X .... , .............. , ............ 
,c ........... do .................  .................... X X ............................ X .... , ...................... 
 ........... «o ...........................  C_'- ï--:--'- ::ï: .......... x ............ x ,::::-_- ï:ï- -- -::- :_--_: 
BC ........... dO .............................. - .............................. 
c ........... do ........... X ........................... X ........... ' ..........................  ............... _ X 
lOc .......... do ............... X ....................... X ............................................. -R" 
n ........... «o .............................. x ........ x ........................ ..... -,::_-: _---:- :-:: .... _-_-:- -::ï 
12c ......... do ................................ X ......... X ...... ................ 
13c .......... do ............... X ............................................ X .... X .......................... 
14o .......... do .......................... X ...... X ............ 
i5 .......... «o .......................... x :-:'-:::---::-{::::--':::::: x ................. x .......... , ............ 
..................... _-:: ...... x ............ 
16 .......... «o ............... x ...................... -: ............... x ..... - :::: -- - 
c .......... ào ........... x ............................................... 3. ........... ::: --:::--: :---: -- 
s ..... 45, b, an«  .... x .... :_-:'_-: ;:=il:Z: ::'-=-ï:::l::-': --'-::::: -ï:: ............. x 
19c .......... do ............... X ........................... 
20c .......... do .................... X .......................... X ..................... , .... X ............ , .... 
21c .......... do ........... X ......... X ........ X ....................... .... 
,2c .......... do_- .............. : ................. X " X ............................ 
 .......... «o ....................................... x x ................ -.:::-_ :_--: .... -- _-:_-::: :ï:- ï::ï 
tc .......... do ............... X ........................ , ................... 
25C_: ........ do .............................. X _..: .... X ........................................... 
2c .......... «o ........... x ........................... x ........................... : -:::[-ï:- :::-:- -::: ï:_- -- ___ 
27c .......... do ............... X ....................... X 
$c .......... do .............................. X ........ X ......................... ......... X ....... 
29c .......... do ............... , .............. , ..... X .... X ................... 
oc .......... «o ............... x ........................ ::ïï ..... x .... x ......................... 
c .......... «o ................... " ..... x ........ ...................... - ...........  ..... . .... . ........ x i ....... - -__--: :--: 
32c ..... : ..... do ........................ X ................. X ...... ' ......................... ' ...... X ........... 
33c ..... .... do ............... X ....................... , .... X ............................... 
34c .......... do ........... X .......................... -'--- .................. X X 
c ...... b, s6, au«b ..... X ........ " ....... x ........ - .............. 
36c .......... do ............... X ....................... , .... X .............. , ........ 
c .......... «o .................... x .......................... x ................. :--:ï:::-: ---- ---: ........... 
sc .......... «o ............................. x ............................ x ........ x .- ---_---_,:-:- :-_-: :_--: -:ï 
39c .......... do .......................... .... , .... X .... X ................................ 
40c .......... do ....................................... X X ................... , ........ X ......................... 
4c .......... do ............... x ................... - ..................... x ............ x ........... 3----':ï :--ï 
42c .......... do .......................... ' .... X ....  .... X ............................................. : 
43c .......... do ........... X ........................... X ................................................. :-__. 
44c .......... do ............... X ...................... X ................................ 
4c .......... do .............................. x ........ X ..... ::::-_: :::: -::_-]_--:_- :-_:: -- ::--: ï--:--'-ï ï----: -- - ...... 
46c ..... ..... do ................................... X ......... X .................. I ....... 
do X ...... X---- X ....................... 
48c« ..... ..... .::::«o::::ï:::--: ::Z .... :'-'-:-: -- ï:ï-"ï::: --:ï- :::ï ï---'-" ïïï:ï-/ ........ ........ x .......  ............ 
50c ...... do ............... X .............................................................. X X ' .......... 
___.__ ::::_o ...........  .............. ............ ........ ......  ........ ....  .... ,- ......... , ........... 

Needless to say, comparable mixtures can be 
prepared on a solvent-free basis by using the 
undiluted components. 
As has been stated elsewhere and specified in 
the claims these mixtures are synergistically 
better than the components of the mixture 
either alone or in binary mixture. This does 
not mean that such mixtures as defmed in the 
claims were invariably and inevitably better than 
the components alone, or in combination, on all 
ofls but I have round in numerous instances that 
such superiority is at least 10% or more, and 
sometimes 15% or more. In many instances 
the superiority is not only quantitative but also 
qualitative, i. e., not only will the mixture mulsify a larger qu.antity of off than the com- 
ponents alone or in binary mixture but will also 
demulsify the off faster or at a lower tempera- 
ture, giving a pipeline off having less foreign 
marrer. See booklet entitled "Treating Off 
Field Emulsions," used in the Vocational Train- 
ing Courses, Petroleum Industry Series of the 
American Petroleum Institute. 
PART 4 
Conventional demulsifylng agents employed in 
the treatment of off field emulsions are used as 
such, or .after dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
bensene, toluene, xylene, tar acid off, .cresol, 
anthracene off, etc. Alcohols, particularly ali- 

such as pine off, carbon tetrachloride, sulfur diox- 
ide extract obtained in the refining of petroleum, 
45 etc., may be employed as diluents. 
OEt is well known that conventional demulsify- 
ing agents may be used in a water-so]uble form, 
or in an off-soluble form, or in a ferre exhibiting 
5 both off- and water-solubility. Sometimes they 
may be used in a ferre which exhibits relatively 
limited oil-solubility. However, since such re- 
agents are frequently used in a ratio of 1 to 
10,000 or 1 to 20,000, or 1 fo 30,000, or even 1 to 
40,000, or 1 to 50,000 as in desalting practice, such 
55 an .apparent insolubility in off .and v, ater is not 
significant ,because said reagents undoubtedly 
.have solubility within such concentrations. This 
saine fs«ct is true in regard fo the material or 
materials employed as the demulsifying .agent of 
60 my process. 
In practicing my process for resolving petro- 
leum emulsions .of the water-in-oil type, a treat- 
ing agent or .demulsifying agent of the kind above 
described is brought into contact with or caused 
65 to act upon .the emulsion fo be treated, in any of 
,the various apparatus now generally used to re- 
solve or break petroleum emulsions with a chem- 
ical reagent, the above procedure being used alone 
or in combintion with o.ther demulsifying pro- 
70 cedure, such as the electrical dehydration process. 
One type of procedure is fo. accumulate a vol- 
ume of emulsified off in a tank and conduct a 
batch treatment type of demulsification-pro- 

phatic alcohols, such as methyl alcohol, ethyl cedureto recover clean off. In this proc.edue the 
alcohol, denatured alcolol, pr«pyl alcohol, buty! 75 emulsion is admixed with he demulsifier, for ex- 
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ample by agitating he .tank of emulsion and 
slowly dripping demulsifier into the emulsion. 
In. some cases mixing is achieved by heating the 
emulsion while dripping Ln the demulsifier, de- 
,pending upon the convection currents in the 
emulsion to produce satisfactory admixture. In a 
hird modification of this type of treatment, a 
circu.lating pump withdraws emulsion from, e. g., 
the bottom of the tank, and re-introduces it into 
the top of the tank, the demuisifier being added, 
for example, at the suction side of said circulat- 
ing pump. 
In a second type of treating procedure, the 
demulsifier is introduced into the well fiuids af 
the well-head or at some point between the well- 
head and the final off storage tank, by means of 
an adjustable proportioning mecha.nism or pro- 
portioning pump. Ordinarily the flow of fluids 
through the subsequent lines and fittings sufiïces 
to produce the desired degree of mixing of de- 
mulsifier and emulsion, although in some in- 
stances additional mixing devices may be intro- 
duced into the fiow system. In this general pro- 
cedure, the system may include various mechan- 
ical devices for withdrawing free water, separat- 
ing entrained water, .or accomplishing quiescent 
settling of the chemicalized emulsion. Heating 
devices may likewise be incorporated in any of 
the treating procedures described herein. 
A third type of application (down-the-hole) of 
demulsifier fo emulsion is fo introduce the de- 
mulsifier either periodically or continuously in 
diluted or undiluted form into the well and fo 
allow it fo corne fo the surface with the well fluids, 
and then to fiow the chemicalized emulsion 
through any desirable surface equipmen, such as 
employed in the other treating procedures. This 
particular type of application is decidedly useful 
when the demulsifier is used in connection with 
acidification of calcareous oil-bearing strata, 
especially if suspended in or dissolved in the acid 
employed for acidification. 
In al1 cases, it will be apparent from the fore- 
going description, the broad process consists 
simply in introducing a relatively small pro.por- 
tion of demulsifier into a relaively large propor- 
tion of emulsion, admixing the chemical and 
emulsion either through natural fiow or through 
special apparatus, with or without the application 
of heat, and allowing the mixture to stand quies- 
cent untfl the undesirable water content of the 
emulsion separates and settles from the mass. 
The following is a typical installation: 
A reservoir fo hold the demulsifier of the kind 
described (diluted or undiluted) is placed at the 
well-head where the effluent liquids leave the well. 
This reservoir or container, which may vary from 
5 gallons to 50 gallons for convenience, is con- 
nected to a proportioning purnp which injects the 
demulsifier drop-xvise into the fiuids leaving .the 
well. Such chemicalized fluids pass through he 
flowline into a settling tank. The settling tank 
consists of .a tank of any convenient size, for 
instance, one which wi!l hold amounts of fiuid 
produced in  to 24 hours (500 barrels' to 2000 
barrels' capacity), and in which there is a per- 
pendicular conduit from the top of the tank fo 
almost the very bottom so as fo permit the incom- 
ing fluids to pass from the top of the settling tank 
to the bottom, so that such incoming fluids do 
hot disturb stratification which takes place dur- 
ing the course of demulsification. The se%ling 
tank has two outlets, one being below the water 
level to drain off the water resulting from de- 
mutsification or accompanying the emulsion as 
free water, the other being an off ourlet at the 

.top-to permit, the-passage_of dehEdraed:q!.:oa  
second ank, being..a .storage. tank, which/ho!ds  
pipeline or dehyd-rated off. I{ dsired, the Conduit. 
or pipe which.serves to carry the fiuids from fhe 
5 well fo the settling fauk .may include, a section. 
of pipe with baffles fo serve as .a mixer, to insure 
thorough distribution of the demu!sifier through- 
out the fluids, or a heater for raising the tem- 
perature of fhe fluids fo some convenienf-tem- 
10 perature, for instance, 120 ° fo 160 ° F., or both 
:heater and mixer. 
Demulsification procedure is started bY simply 
setting the pump so as to feed a Comparatively 
large ratio of demulsifier, for instançe, t;5,000. 
15 As soon as.a complete "brea_k" or .satisfact0ry 
mulsification is obtained, the pump is regulated 
until experience shows that the amount of de- 
mulsifier being added is just suiïicient to produce 
clean or dehydrated off. The amount being fed 
20 at such stage is usually 1:10,000, 1:15,000, 
1:20,000, or the like. 
In many instances the oxyalkylated producs 
herein specified as demulsifiers can be conven- 
iently used without dilution. However, as previ- 
25 ously noted, they may be diluted as desired with 
any suitable solvent. For instance, by mixing 75 
parts by weight of an oxYalkylated derivative, for 
example, the product of Example 20c, with 15 
parts by weight of xylene and 10 parts by weight 
30 of isopropyl alcohol, an excellent demuisifier is 
obtained. Selection of the solvent will vary, de- 
pending upon the solubility characteristics of the 
oxyalkylated product, and of course wfll be dic- 
tated in part by economic considirations, i. i., 
35 cost. 
Having thus described my invention, what 
c!aim as new and desire to secure by Letters 
Patenç is: 
1. A process for breaking petro!eum emuisions 
40 of the water-in-oil type characterized by subject- 
ing the emulsion fo the action of a demulsifier 
which in turn is a synergistic ternary mixture of 
hree components, each of the three components 
being a hydrophile synthetic produc; said hydro- 
45 phile synthetic product being the oxyethylation 
product of (A) ethylene oxide, and (B) an oxy- 
ethylation-susceptible, fusible, organic solvent- 
soluble, waer-insoluble phenol-aldehyde resin; 
said risin biing derived by reaction between 
50 difunctional monohydric phenol and an aldehyde 
having hot over 8 carbon atoms and reactive 
ward said phenol; said resin being formed in the 
substantial absence of trifunctional phenols; said 
phenol being of the formula 
60 in which R la a hydrocarbon radical having af 
least  and hot more than 18 carbon atoms and 
substituted in the 2,,6 position; said oxyethylated 
resin being characterized by the introduction into 
the resin molecule of a plurality of divalent radi- 
O5 cals having the formula (C2HO)n; in one of the 
three components n varies from 2.0 to 2.4 on a 
molal basis calculated on the original phenolic 
hydroxy; in the second comportent  varies from 
3.0 to 3.6 on a molal basis calculated on the origi- 
70 nal phenolic hydroxyl; in the third comportent 
n varies from  to .8 on a molal basis calculated 
on the original phenolic hydroxyl; the phenolic 
and aldehydic reactants being identical in all 
three components; the combining ratios of the 
75 three components being determined by the tri- 



2,602,053 

15 
angalar area of the graph in the hereto appended 
drawing as defined approximately by the triangle 
A, B, C, said proportions being on a weight basis; 
and with the final proviso that said demulsifier 
be more effective than (1) any of the three com- 
ponents alone, or (2) any two of the three com- 
ponents in combination. 
2. The process of claim 1 wherein the aldehyde 
is formaldehyde. 
3. The process of claim 1 wherein the aldehyde 
is formaldehyde and the phenol is butylphenol. 
4. The process of claire 1 wherein the aldehyde 
is formaldehyde and the phenol is amylphenoL 
5. The process of claim 1 wherein the aldehyde 
is formaldehyde and the phenol is nonylphenol. 15 

16 
6. The process of claim 1 wherein the aldehyde 
is formaldehyde and tl]e phenol is decylphenol. 
7. The process of claire 1 wherein the aldehyde 
is formaldehyde and the phenol is tetradecyl- 
5 phenol. 
MELVIN DE GROOTE. 
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